This study is to determine the properties and characterization of silicon carbide via grinding and heat treatment process. In this study, the raw materials used were waste glass and graphite powder. Silicon carbide was produced by milling and mixing waste glass and graphite powder in different grinding mills; planetary mill and ring mill. The samples were then heat treated at 700 °C for 1 hour soaking time. Two types of characterization procedures were completed to determine the properties and microstructure of silicon carbide. Formation of silicon carbide was only formed through grinding by planetary mill but not ring mill. This may due to the grinding mechanism of both mills. Due to the simple and low cost of raw material to form silicon carbide, silicon carbide has high potential to be one of the commercialized products. It has the potential in reducing waste and improves the environment quality.
Introduction
Silicon Carbide is a compound composed of silicon and carbon with a chemical formula of SiC. SiC is a commonly used ceramic material with a tetrahedral structural unit similar to diamond and with attractive properties such as high strength, stiffness, good wear and corrosion resistance and semi-conductivity, which are mainly characteristic of covalent bonded ceramic materials. It is a promising material for thermo-mechanical and electronic applications [1] .
This research work deals with the recycling aspects of waste glass as silica source. Glass in general is a highly transparent material formed by melting a mixture of materials such as silica, soda ash, and CaC at high temperatures followed by cooling during which solidification occurs without crystallization [4] . Another component in producing silicon carbide based on this research study is graphite. Graphite materials demonstrate low density but their thermal conductivity is within the range of conductivity of metals (between unalloyed steel and aluminium), wide electrochemical window, long-term stability, and low residual current [5] .
For the production of SiC powder, numerous routes have been developed, although most of them remained only in laboratory scale. Among these processes the most studied include mechanical milling, rapid carbothermal synthesis, SHS processes, microwave synthesis, polymer pyrolisis, sol-gel processes, CVD and laser synthesis. [3] . Because inexpensive silica and carbon are used as starting materials, carbothermal reduction is cheaper and more efficient than gas synthesis, making it the best choice for SiC production. Much research has been done to develop methods of reducing the temperature of the carbothermal reduction process. For example, high-energy reaction milling can synthesize nanosized SiC powder without heating. Microwave heating is another technique that produces fine and uniform SiC powder at lower temperatures and shorter times than the conventional process [2] .
Potential advantages of these two approaches over the other approaches mentioned above include low processing cost, energy efficiency and high-purity products. Furthermore, mechanosynthesis has potentials for quantity production of nanosized ceramic powders which may lead to a variety of processing flexibilities such as superplasticity, low sintering temperatures and simultaneous densification and shape-forming [6] . Problem encountered in mechanosynthesis such as possible contamination of the powder by either the milling media (e.g., Fe for steel balls and container) or the mill atmosphere ( or, in some cases, ) [6] . Therefore, the heat treatment of samples after milling was required to perform the carbothermic reaction of silica to remove the contamination of Fe.
Methodology
In this study, waste glass needs to be collected and prepared to obtain silica. First, waste glasses were washed carefully using detergent solution and rinsed in a water bath to remove the contaminants. Then, the waste glasses were dried in a dry oven at 60 °C for 24 h to remove moisture from the waste glass. Next, the waste glasses were ground in a ring mill for 5 hours to obtain the silica powder with the maximum size of 63 µm. The finer the particle size obtained, the reactivity would be higher thus silica carbide would be produced at lower temperature.
The ratio of mixing SiC composition is three carbon powders to one silica powder. The milling time for both ring mill and planetary mill is set to be 10 hours each. For planetary mill, the speed is set to be 400 revolutions per minute (rpm). The ground samples from each grinding mill were heat treated at 700 °C, 1100 °C and 1300 °C for 1 hour respectively.
From the above method, submicron silicon carbide was formed. The samples were then characterized with X-ray Diffraction (XRD) and Scanning Electron Microscope (SEM)
Result and Discussion
Previous research reported in their study, the milled powder mixture using silica sand as silica source was heated at 1150 °C, 1250 °C and 1500 °C to obtain SiC. However, in this research, when waste glass is used as silica source, high temperature heat treatment cannot be used. When using high temperature, the samples will be melted back to glass form, no longer in powder form. Figure 1 shows the sample after heat treated at 1300 °C at 1 hour soaking time. Figure 1 (a) shows the sample ground by planetary mill while Figure 1 (b) shows the sample ground by ring mill. As it can be seen, both samples have been melted back into glass form and penetrated into the alumina crucible. This may be so because in waste glass, there are fluxes added into it. Fluxes are chemicals added to silica to lower its melting point. The temperature is then lowered to 1100 °C at 1 hour soaking time. Figure 2 shows the sample ground by planetary mill and ring mill. As it can be seen, both samples were also melted into glass form. There are changes in the colour of the sample. Since the raw materials are the same for both samples, the colour changes may due to the grinding media. For planetary mill, the milling jar used is stainless steel, whilst for ring mill, chrome jar is used. Then, the samples were heat treated at 700 °C with 1 hour soaking time. The phase analysis was made by X-ray diffraction analysis with Cu Kα radiation in 2θ range between 10° to 80°.
Step scan were performed with 2° per minute. At y-axis, it shows the intensities of the peak and x-axis is the range of phase in 2θ. Figure 3 shows the XRD diffraction pattern of milled powder for different grinding machine; planetary mill and ring mill. Both samples were ground for 10 hours respectively. It can be seen that SiC peak were observed for sample ground by planetary mill only. The intensity of SiO 2 is sharper with higher intensity corresponding to the powder that was processed by ring mill with the same milling hours. However, there was no trace of SiC was observed in ring mill. This is due to the difference of grinding mechanism for both planetary mill and ring mill. Ring mill works through friction and impact caused by the movement of the rings and the concentric cylinder, which are placed within a casing that contains the materials to be ground [7] , however for planetary mill, the abrasion phenomena is between the ball abrasion and the ball impact energy to grind the samples. Figure 4 shows the comparison of XRD diffraction pattern of milled powder at different milling hours for planetary mill. The reduction of peak intensity was clearly observed when the milling hours were increased from 10 hours to 20 hours. Based on this observation, prolonged milling to 20 hours will further amorphize the Si phase. The broadening of the diffraction peaks continued to increase with increasing milling hours for the milled sample. The collision between grinding media and the sample is vigorous at longer milling hours and impact breakage mechanism is more pronounced, which leads to tremendous stress energy being imparted on the particles resulting in massive strain in the crystal lattice. This trend provides the evidence supporting the idea that more plastic deformation and disordering of the sample lattice occurs under intensive grinding [8] . 
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The morphology and particle size, and the agglomeration nature of the ground products were examined by scanning electron microscope. Figure 5 shows the SEM images of 10 hours milled powder mixtures after heat treatment by ring mill and planetary mill respectively at magnification of 5000X. Separate particles of Si and C along with agglomerated particles can be seen in both ring and planetary mill milled samples. From Figure 5 (b) , it is seen that the particle size in milled powders has been decreased by using planetary mill although the milling hours are the same. It is also seen that by using planetary mill, some of the Si particles have been covered by C particles. These two phenomena results in an increase in the contacting surface area between particles. 
Summary
The properties of silicon carbide produced via grinding and heat treatment process has been studied. The silicon carbide is obtained by grinding the waste glass and graphite powder. Then, the samples were sintered at 700 C for 1 hour soaking time. This temperature is chosen because the samples will melt back into glass form if sintered at a higher temperature. For characterization techniques, through XRD, it has been proven that SiC is produced via grinding and heat treatment process. Its morphology has been determined by observing under SEM which has shown that SiC consist of irregular particle shapes of Si and flaky graphite. There are high demands for SiC nowadays, SiC has high potential to be one of the commercialized products. In this research, SiC is termed as green product, it is made of waste glass. Through the recycle technique of waste glass from waste materials, it has the potential SiC SiO 2 10 hours 20 hours in reducing waste and improves the environment quality. Besides that, in term of cost, by using waste glass, SiC will be produced with a lower cost. Furthermore, the temperature of sintering time and soaking hours were also lowered. This indirectly saves time and also the production cost.
